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$\rho(\frac{\partial v}{\partial t}+v\cdot\nabla v)=-\nabla p+\eta\nabla^{2}v+\eta’\nabla(\nabla\cdot v)_{:}$
$( \frac{\partial\rho}{\partial t}+v\cdot\nabla\rho)=-\rho\nabla\cdot v$ , $( or\frac{\partial\rho}{\partial t}+\nabla\cdot(\rho v)=0)$ ,
$\rho=\rho(p)$ .
$v,p,$ $\rho$ $\eta,$ $\eta’$
$\rho_{0}\frac{\partial v}{\partial t}=-\nabla p+\eta\nabla^{2}v+\eta’\nabla(\nabla\cdot v)$ , (2.1)
$\frac{1}{K_{f}}\frac{\partial p}{\partial t}=-\nabla\cdot v$ , (2.2)






$\rho\frac{\partial^{2}u}{\partial t^{2}}-\nabla\cdot\hat{\sigma}=0$ , (2.4)
$\hat{\sigma}=2\mu\hat{\epsilon}+\lambda(i;\hat{\epsilon})i$ , (2.5)
$\hat{\epsilon}=\{(\nabla u)+(\nabla u)^{T}\}/2$ , (2.6)
1 Navier 2 Hooke Navier
2.2 Darcy
$q$ Darcy





$q=\phi v$ , (2.8)
$\frac{\partial(\phi\rho_{f})}{\partial t}+\nabla\cdot(\phi\rho_{f}v)=0$ ,
$q$
$\frac{1}{\rho_{f}}\frac{\partial(\phi\rho_{f})}{\partial t}+\nabla\cdot q=0$ , (2.9)
$\frac{\phi}{K_{f}}\frac{\partial p}{\theta t}+\nabla\cdot q=0$ ,
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$q+ \frac{k}{\eta}\nabla p=0$ , (210)





Biot [2]. Biot [3][8][5].
$(\hat{\sigma},\hat{\epsilon})$ $(p, \phi)$
$\Psi_{s}=\Psi_{s}(\hat{\epsilon}, \phi)$ , (212)
$d\Psi_{s}=\hat{\sigma}$ : $d\hat{\epsilon}+pd\phi$ , (213)
$G_{s}=\Psi_{s}-p\phi$ , (214)
$G_{s}=G_{s}(_{\vee} \hat{\epsilon},p);\hat{\sigma}=\frac{\partial G_{s}}{\partial\hat{\epsilon}}(\hat{\epsilon},p);\phi=-\frac{\partial G_{s}}{\partial p}(\hat{\epsilon},p)$ , (215)
$d\sigma_{i_{\dot{J}}}=\frac{\partial\sigma_{ij}}{\partial\epsilon_{kl}}d\epsilon_{kl}+\frac{\partial\sigma_{ij}}{\partial p}dp$
$= \frac{\partial^{2}G_{s}}{\partial\epsilon_{kl}\partial\epsilon_{ij}}d\epsilon_{kl}+\frac{\partial^{2}G_{s}}{\partial p\partial\epsilon_{ij}}dp$,
$d\phi=\frac{\partial\phi}{\partial\epsilon_{ij}}d$ $+ \frac{\partial\phi}{\partial p}dp$
$=- \frac{\partial^{2}G_{s}}{\partial\epsilon_{ij}\partial p}d\epsilon_{ij}-\frac{\partial^{2}G_{s}}{\partial p\partial p}dp$ ,
51
$C_{-kl} \equiv\frac{\partial^{2}G_{8}}{\partial\epsilon_{kl}\partial\epsilon_{ij}},$ $b_{ij} \equiv-\frac{\partial^{2}G_{8}}{\partial\epsilon_{ij}\partial p}=-\frac{\partial^{2}G_{s}}{\partial p\partial\epsilon_{ij}},$




$\hat{\sigma}_{s}\equiv\mu\{(\nabla u)+(\nabla u)^{T}\}+\lambda(\nabla\cdot u)i$ ,
$d\phi=B_{w}\nabla\cdot du+\frac{1}{K_{\phi}}dp$ , (2.17)
$\mu,$
$\lambda$ Lam\’e $B_{w}$ Biot-Wilhs [3], $K_{\phi}$
Biot-Willis
(2.9) $\phi$ (217)
$\frac{1}{\rho_{f}}\frac{\partial(\phi\rho_{f})}{\partial t}=\frac{\partial\phi}{\partial t}+\frac{\phi}{\rho_{f}}\frac{\partial\rho_{f}}{\partial t}$
$=(B_{w} \nabla\cdot\frac{\partial u}{\partial t}+\frac{1}{K_{\phi}}\frac{\partial p}{\partial t})+\frac{\phi}{\rho_{f}}\frac{\partial\rho_{f}}{\partial t}$
$\approx B_{w}\nabla\cdot\frac{\partial u}{\partial t}+(\frac{1}{K_{\phi}}+\frac{\phi_{0}}{K_{f}})\frac{\partial p}{\partial t’}$





$\rho\frac{\partial^{2}u}{\partial t^{2}}-\nabla\cdot\hat{\sigma}_{s}+B_{w}\nabla p=0$, (2.20)
$\hat{\sigma}_{s}\equiv\mu\{(\nabla u)+(\nabla u)^{T}\}+\lambda(\nabla\cdot u)i$ , (2.21)
52
Biot
$q+ \frac{k}{\eta}\nabla p=0$ , (2.22)
$\frac{1}{K}\frac{\partial p}{\partial t}+\nabla\cdot q+B_{u\prime}\nabla\cdot\frac{\partial u}{\partial t}=0$, (2.23)
$\rho\frac{\partial^{2}u}{\partial t^{2}}-\nabla\cdot\hat{\sigma}+\underline{B_{w}\nabla p}=0$ , (2.24)







$q+ \frac{k}{\eta}\nabla p=0$, (2.26)
$\nabla\cdot q+B_{w}\nabla\cdot\frac{\partial u}{\partial t}=0$ , (2.27)
$-\nabla\cdot\hat{\sigma}+B_{w}\nabla p=0$ , (2.28)




















$|$. :: $\Gamma_{3}=\partial\Omega\backslash (\Gamma_{1}\cup\Gamma_{2})$ .
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